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CHAPTER I 
INTRODUCTION 
The quality required of recreational turf dictates the need for 
frequent nitrogen fertilization. This is especially true of golf 
putting greens which may be contructed from sandrpeat mixtures that 
consist of up to 85/5 sand. The high infiltration rate of water into 
these high sand soils makes them susceptable to nitrogen leaching losses 
after nitrogen fertilizer applications. Furthermore, nitrogen 
groundwater pollution attributed to nitrogen leaching losses from 
fertilizers applied to turf is becoming an increased concern of 
environmentalists. 
The use of prennixed sandy soils for golf green construction is a 
recommended and highly accepted material. These soils reduce the 
problems of soil compaction and poor drainage often associated with 
heavier, existing soils. By providing better soil aeration and drainage 
they promote a deeper, more extensive turf root system. However, 
because of their high sand content and rapid drainage, these soils 
require frequent fertilizer and irrigation applications. 
Slightly water-soluble and water-insoluble nitrogen fertilizers may 
be particularly useful on these sandy soils because they have been 
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developed in an attempt to regulate and coincide nitrogen release with 
plant need and • uptake. These regulations may also reduce nitrogen 
leaching losses. 
Although much work has been done in evaluating the post—application 
fate of nitrogen from fertilizers applied to irrigated crops, a debate 
still continues over nitrogen fertilizer leaching losses from turf. 
More information is needed regarding leaching losses from turf as 
affected by nitrogen fertilizer type, rate of application, and soil 
texture. 
Field experiments were carried out to determine if various 
water-soluble and water-insoluble nitrogen fertilizers leached when 
applied at several rates to turf growing on three soil types. 
Nitrate—nitrogen and ammonium—nitrogen concentrations in soil leachate 
below the root zone of turf was monitored. Nitrogen leaching losses 
from these fertilizers was also studied in greenhouse experiments. 
CHAPTER II 
LITERATURE REVIEW 
Nitrate(N03-) and ammoniuraCNH4+) pollution of groundwater from 
nitrogen fertilizers has been studied for many years. Although both may 
be found in groundwater, N03- poses more of a health hazard to humans 
than does NH4+. A concentration of N03- greater than 45ppra in drinking 
water makes it unfit for human consumptionC1). Ingesting water with 
high N03- concentrations may lead to a disease in humans known as 
methemoglobeneraia, especially infants(42). The ingested N03- is reduced 
to nitrite(N02-) in the intestine and then absorbed by the bloodstream. 
N02- then oxidizes the ferrous(Felll) iron of hemoglobin to its 
ferric(Fell) form. This results in the formation of methemeglobin which 
is incapable of transporting oxygen for respiration. Infants are most 
susceptible to this condition because their intestinal tract pH favors 
N03- reducing microbial populations. 
The presence of N03- in soil and water is a normal occurence 
resulting from the process of nitrification. Nitrification .may be 
described as a two-step process in which NH4+ is eventually oxidized to 
N03-. The reactions are: 
(1) 2 NH4+ + 3 02-> 2 N02- + 2 WATER + 4 H+ + ENERGY 
(2) 2 N02- + 02 -> 2 N03- + ENERGY. 
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These reactions are predominantly mediated by two different 
microorganisms. The first reaction, the reduction of N03- to N02-, is 
carried out by the bacteria Nitrosomonas europea. Another bacteria, 
Nitrobacter winogradskyi, is responsible for the oxidation of N02- to 
N03-(4). These organisms are autotrophic and obtain energy via the 
oxidation of inorganic nitrogen compounds. 
It is important to note that molecular oxygen is involved in these 
reactions. The aerobic nature of this process is apparent when 
considering the N03- pollution of drainage water in the Hula Basin, 
Israel(9»51). The drainage of this basin, for agricultural purposes, 
resulted in N03- concentrations of drainage waters in excess of 2000ppm. 
It occurred because nitrifying bacteria were promoted as a result of 
increased soil aeration. This led to the mineralization and 
nitrification of soil organic matter to N03-. 
N03- leaching occurs because of the high water-solubility of this 
negatively-charged anion. This ion tends to be repulsed by the 
negatively charged soil colloids and, therefore, moves with the soil 
solutionC14). In temperate regions, where rainfall exceeds 
evapotranspiration, there will be a net movement of N03- downwards in 
the soil towards groundwater. Anion retention does occur in soil, but 
to a very small degree(14,15). 
The extent of nitrogen leaching losses from N-fertilizers applied 
to cultivated crops, meadows, and turf have continiously been examined. 
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The general findings indicate that nitrogen leaching losses occurs 
primarily as N03- and is enhanced by well drained, sandy 
soils(12,43,52,53t61). Finer textured soils retain NO3- longer because 
of their larger water-holding capacity(28,37). 
Benson and BarnetteC13)t concerned with the sandy texture and rapid 
infiltration of water into Florida soils, tried to determine which type 
of soluble nitrogen fertilizer would be stable in these soils and less 
prone to leaching. They found that up to 97.6/5 of the nitrogen applied 
as sodium nitrate could be leached. Ammonium sulfate resulted in 
leaching losses of 40.3%. However, these nitrogen fertilizers were 
irrigated with 11.43cm of water four times(at days 1,4,10,and 21) 
following fertilizer application. Bredakis and Steckell(l6) found that 
15-week laboratory incubations of various nitrogen fertilizers commonly 
applied to turf yielded high nitrogen leaching losses. Sixty-five % of 
the nitrogen applied as ureaformaldehyde, 75% for natural organics, and 
90% for ammonium sulfate and urea leached. These fertilizers were not 
applied to turf , but instead to a fallow sandy loam soil. These soils 
were also leached with five-6.09cm water applications. Dowdell and 
Webster(23)f using N-15 labeled N fertilizer sources performed nitrogen 
leaching loss studies with perennial ryegrass swards growing on a loamy 
sand soil. Only 2 to 5% of the nitrogen applied as 400kgN/ha of calcium 
nitrate was lost in leachate during the first year of study. Less than 
1% was lost in subsequent years. Rainfall was the only water source in 
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this study. The low nitrogen leaching losses from these swards can be 
attributed to the efficiency of the grass and also to a more normal 
wetting of the soil. 
The efficiency of cropping systems to assimilate mineralized forms 
of nitrogen is an important consideration. Corn was found to be a poor 
retriever of nitrogen fertilizer(33,57). In contrast, Tomar and 
Sopar(58) found that 85 to 95% of applied fertilizer nitrogen could be 
recovered by barley. 
The recovery of fertilizer nitrogen by cultivated crops represents 
only 30 to 50% of the applied nitrogen while permanent pastures may be 
able to recover over 70%(6). Starr and DeRoo(56) reported only trace 
amounts of N03- in percolate from a bluegrass-bentgrass- fescue sod 
growing on a sandy loam soil. Jones and Street(32) found leaching 
losses of N03- from a grass-clover mixture to be significantly greater 
than from a grass mixture alone. These reports indicate that grass 
stands may be very effective in recovering nitrogen from N fertilizers, 
thus decreasing N leaching losses. Dowdell and Websters work also 
agrees with this(23). Their study found that even after the application 
of 400kgN/ha as calcium nitrate the resulting N03- concentrations in 
leachate never exceeded 16ppm. 
Chichester(21) showed that inorganic nitrogen applied to Kentucky 
bluegrass on a silt loam soil at rates of 322 to 672 kgN/ha/year posed 
no threat to groundwater. Further interesting results were obtained by 
7 
Allen(5) when he found that the average leaching losses for nitrogen 
fertilizers applied to turf were less than fallow soils recieving no 
fertilizer applications. 
NH4+ and N03- ions are rapidly absorbed by turf roots, and urea has 
also been found to be taken up directlyC60). The rate of ion absorption 
by a root growing in a porous medium like soil is probably more 
dependent on the rate of transport of the ion to the root surface than 
on the absorptive ability of the root. It seems then, that root depth 
and extension should be an important feature in reducing nitrogen 
leaching losses. Ogus(49) found that bromegrass roots in the 120 to 
150cm depth could very effectively absorb nitrogen. Orchardgrass was 
found to recover substantial amounts of nitrogen from a depth of 45 to 
60cm below the soil surface. This information may imply that the turf 
species commonly associated with the lawn and golf industry might also 
absorb ions at greater depths, and that any practice which promotes 
deeper rooting of turf may reduce N leaching losses. 
Well-aerated soils promote greater root depths in turf(34,35). Tlie 
sand fraction of a soil serves as the matrix for aeration and water 
movement. This makes sand a widely used material in the modification of 
soils(2,40). It is especially useful in reducing the possibilities of 
soil compaction which can lead to reduced turf root depth and 
vigor(34,39). Because of these qualities, studies sponsored by the 
USGA(2,25) and the University of CaliforniaC40), have led to the 
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creation of putting green soil mixtures having a sand content of 85% or 
better. Straight sand and sand:peat mixtures, however, have also been 
noted to exhibit some of the following disadvantages; (1) lack of a 
moisture reserve;(2) excessive water infiltration; and (3) excessive 
nutrient leaching(26). Holmes(29) discussed some of the advantages and 
disadvantagevS of the use of sand soils for the modification of turf 
areas. 
Lack of a moisture reserve in sand and sandipeat mixtures is a 
serious concern. Uniform water distribution and replenishment must be 
insured to maintain a quality playing surface. Use of proper sand 
mixtures and a perched water table design, as outlined by the USGA, 
minimizes these problems. 
The proper irrigation of turf on these soils is also important. It 
has been suggested by Tovey(59) and Brown and Duble(18) that twice 
weekly waterings may be adequate to maintain a high quality turf, but 
irrigation events must be sufficient in volume to bring the plant root 
zone to field capacity. 
Hall(26) has pointed out that the initial infiltration rates of a 
laboratory compacted sand soil may be as high as 35.5cm/hour. After 3 
or 4 years,however, this rate may decrease to 5.08cm/hour. The water 
requirement for turf grown on these soils may eventually approach that 
of turf on non-sandy soils. 
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Proper irrigation management has been an effective control against 
nitrogen leaching losses in turf and cultivated crops. Sraika and 
Hermann(53) studied N03- leaching losses from irrigated corn on sandy 
soils. They concluded that increasing irrigation from 60cm to 71.1cm of 
water annually resulted in increased N03- nitrogen losses. Harding(27) 
concluded that considerable nitrogen could be lost by leaching after the 
application of calcium nitrate fertilizer to irrigated citrus on a 
well-drained soil. On turf. Brown and Duble(18) found that if the rate 
of irrigation to golf putting greens was kept at or near the 
evapotranspiration rate N03- nitrogen leaching losses could be 
minimized. LaRue(36) reported that less water could be lost from soils 
given fewer, more heavier irrigations than from frequent, lighter 
waterings. These protocols could reduce the potential for N03- leaching 
losses. 
From 1973 to 1976 Mitchell et al. (43) studied the influence of 
soil mixtures, irrigation , and nitrogen sources on nitrogen leaching 
losses from golf putting greens. Nitrogen leached primarily in the N03- 
form with a reduced rate of loss associated with slow-release nitrogen 
fertilizers. Losses were also highest from coarse-textured soils. Tnis 
agrees with the results of other researchersC 18). 
Lower rates of N03- movement generally occurs in fine-textured 
soils because of a slower water movement through the soil profile and a 
larger water resevoir. Low N03- concentrations were found by Larson(37) 
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in soil leachate even after the application of 291kg.N/ha on a 
fine-textured soil. 
The loss of NH4+ nitrogen from fine textured soils is considered 
minimal due to the high cation exchange capacity of these soils. Since 
NH4+ possesses a positive charge it may become fixed to the 
negatively-charged soil colloids. Silt loam and clay loam soils may 
have cation exchange capacities of 25 to 60rae/100g dry soil(15). 
Noramibk(47) established that NH4+ fixation may be very rapid in some 
soils and that tais fixation is influenced by pH, temperature, and NH4+ 
concentration. 
Fixed NH4+ may also be less available for the process of 
nitrificationC8). Nitrifying bacteria do not have a great ability to 
use fixed NH4+. Mineral soils high in montmorillinite(an expanding 2:1 
clay) have been shown to render NH4+ unavailable for nitrificationC48). 
Non-fixed or chemically extractable NH4+ is readily nitrified by soil 
microbes. Acid sand soils or soils high in kaolinitic or micaceous 
minerals fix negligible amounts of NH4+(50). 
The potential of NH4+ leaching losses is greater from sand soils 
because of their low cation exchange capacities(22). Organic materials 
contribute greatly to the cation exchange capacities of soils. High 
organic soils may have cation exchange capacities exceeding 200me/100g 
of dry soil(15). A golf putting green sand:peat mixture may be 20% 
peat by volume(2,3^)• This organic amendment helps to ensure adequate 
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moisture and nutrient retention, as well as enhance soil 
structure(54,55). Sand greens may have cation exchange capacities 
equivalent to that of sandy loam soils(.5-5.5me/100g dry soil). 
Nitrogen source plays an important role in nitrogen leaching. 
Water-soluble nitrogen fertilizers have been shown to contribute more to 
N03-N leaching losses than slightly-soluble or insoluble 
types( 16,18,19f 43). Work by Nelson et al.(46) showed that over 53.6/5 
of nitrogen applied as urea and 14.5% of the nitrogen from IBDU, was 
leached through soil cores within 15 days. These fertilizers, however, 
were applied at an application rate of 253kg N/ha. 
Emphasis has been placed upon developing less water-soluble or 
insoluble forms of nitrogen carriers in the hopes of increasing nitrogen 
efficiency by improving plant uptake and decreasing N leaching losses. 
I 
These materials vary considerably in their physical and chemical 
properties. Ureaforraaldehyde(UF) and methylene urea depends upon soil 
microbial activity for the release of urea-nitrogen(45,63)• This urea 
can then be hydrolyzed to NH4+ for direct plant uptake, fixation on soil 
colloids, or as substrate for the nitrification process. In contrast, 
isobutylidene diurea(IBDU) is dependent merely upon the physical 
properties of particle size and water hydrolysis for nitrogen release. 
The coating of conventional fertilizers with various resins and 
elemental sulfur also aids in the slow-release of nitrogen(38). 
Sulfur-coated urea is an example of this type of fertilzer. Highly 
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water soluble nitrogen carriers, such as calcium nitrate and ammonium 
sulfate, rely simply upon dissolution in water for nitrogen release(15). 
Nitrogen release from slow-release nitrogen fertilizers and the 
growth response of plants to these sources have been examined(30,44,62). 
Hummel(31) showed that sulfur-coated urea produced a good uniform turf 
and was more efficient for plant N recovery than IBDU. IBDU was 
characterized by a delayed growth response in turf. Ureaformaldehyde 
was found to produce uniform turf and its' rate of nitrogen efficiency 
equaled or exceeded that of conventional water-soluble N sourcesCIO). 
Good color and density in turf seem to occur when at least 52kgN/ha of 
slow-release nitrogen fertilizers are applied(IO). Markland(41) found 
that water-soluble nitrogen sources produced a more pronounced response 
in turf than UF. 
Tne leaching losses of NH4+ nitrogen and N03- nitrogen from 
fertilizers applied to turf can be minimized. This includes turf 
growing on sand soils. Cultural practices which enhance the 
development of an extensive turf root system coupled with correct 
irrigation and nitrogen fertilizer applications may reduce nitrogen 
leaching losses. 
CHAPTER III 
FIELD STUDIES 
Golf Putting Green 
Field studies were conducted to determine the concentrations of 
nitrate(N03-) and ammonium(NH4+)-nitrogen in soil leachate after various 
water-soluble and water-insoluble nitrogen fertilizers were applied at 
several rates and regimes to turf on three different soil types. Turf 
quality, clipping yield, total soil nitrogen, and root depth were also 
examined. 
Materials and methods. 
Turf and soil description. A three-year old ’Penncross’ creeping 
bentgrassC Agrostis palustris cv. ’Penncross’) putting green at the 
University of Massachusetts, South Deerfield turf plots. The green 
consisted of a 30.48cm deep 80%:20% sand-peat layer(table 37) overlying 
a 15.14cm deep coarse-sand layer which rested upon a plastic liner. The 
top soil had a cation-exchange capacityCCEC) of Ilme/IOOg dry soil, 2,5% 
organic matter, and a pH of 6.2. The turf was mowed three times/week at 
a cutting height of 0.64cm afterwhich turf clippings were removed. 
13 
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Experimental design. A randomized complete block design was arranged 
into 4 replications/treatment. Plot size was 14-1.83m x 1.83m plots. 
Treatments consisted of six nitrogen sources each applied at two 
regimes, plus two control plots. Nitrogen fertilizer regimes were 
9.76kgN/ha/7days and 19.52kgN/ha/14days. Fertilizer application began 
on June 26,1981 and was terminated with a final application on September 
11,1981. On June 9.1982 fertilizer applications were again started and 
continued until a final 48.76kgN/ha application on July 17,1982. 
Nitrogen fertilizers applied to the putting green consisted of three 
inorganic, water-soluble types(ammonium sulfate-20.5%N, calcium 
nitrate-15.5?N, and ammonium nitrate-34%N), an organic, water soluble 
type(urea-45/6N), plus two synthetic, organic N 
sourcesCureaformaldehyde-38y5N and isobutylidiene diurea-41^N). 
l)reaformaldehyde(UF) and isobutylidiene diurea(IBDU) were applied in 
granular form. The granule size of the IBDU was 9% >2.0mm and 90% 
between 2.0 and 0.5mm. Ammonium nitrate(AN), ammonium 
sulfate(AS), calcium nitrate(CN), and urea were applied as a liquid 
spray dissolved in one liter of water with a six-liter stainless steel 
spray tank. All fertilizers applied were immediately watered in with 
1.27cm of water. 
Irrigation regime. The putting green received 3.81cm of water/week 
in three irrigations(or enough rainfall plus irrigation water to deliver 
3.81cm of water/week). Rainfall was always deducted from the total 
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amount of water to be applied weekly and irrigation rates were changed 
accordingly. From June 15,1981 until September 5, the putting green was 
watered using an oscillating lawn sprinkler afterwhich automatic 
irrigation was used. More than 3.81cm of water fell on all the putting 
green plots during the weeks of 7/5/81, 6/6/82, and 7/11/82. Rainfall 
patterns during the portions of the 1981/1982 seasons studied are shown 
in figures 1 and 2. 
Turf clipping collection. A 182.88cm x 45.72cm swath was mowed 
through each plot every 14 days and clippings were collected. They were 
dried at 70 C for 48 hours and weighed. Clipping collection began on 
6/23/82 and was repeated every two weeks until 7/21/82. 
Root depth measurements. Root depth of turf was measured in 1981 and 
1982 after the termination of nitrogen fertilizer applications. Soil 
cores(45.72cm deep x 2.54cm wide) were removed from each plot and gently 
shaken to remove soil. Root depth was measured from the soil surface to 
the bottom of the largest group of fibrous roots. 
Quality ratings. Visual judgements of color, density, and uniformity 
were made for putting green plots during the 1982 season. A scale of 
one through nine was used with one representing very poor turf and nine 
being ideal turf. A rating of six was considered to represent an 
acceptable playing surface. Quality rating began on 6/23/82 and was 
repeated every two weeks until 7/21/82. 
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Statistical analysis. Standard statistical computer packages were 
used to perform an analyisis of variance on the data collected. The 
Duncans* new multiple range test was used when a significant difference 
between treatments existed at the P=0.05 level. 
Fairway Study. 
Materials and methods. 
Turf and soil description. Trial areas consisted of a Kentucky 
bluegrass ( Poa pratensis L.), red fescue( Festuca rubra L. ), and 
colonial bentgrass ( Agrostis tenuis Sabith.) turf mixture growing on 
both a silt loam and sandy loam soil at the University of Massachusetts 
South Deerfield turf plots. Turf was mowed at 1.27cra and clippings were 
not collected. The silt loam soil had a CEC of 15.47me/100g dry soil, 
4.0% organic matter, and a pH of 5.8. The CEC for the sandy loam soil 
was 11.65meq/1OOg dry soil, with a 2.5% organic matter content and a pH 
of 5.3. Both soil textural classes were a coarse-silty, mixed, mesic, 
typic, udifluvent soil. 
Experimental design. A randomized complete block design was arranged 
into four replications/treatment for both the silt loam and sandy loam 
soils. Plot size was 10-1.83ni x 1.83m plots and treatments consisted of 
four nitrogen sources applied at two rates. Tv;o control plots/block 
were included in the experimental design. Nitrogen fertilizer 
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treatments consisted of three slow-release/slowly-soluble synthetic, 
organic nitrogen fertilizers (methylene urea-4155N, UF-38/6N, 
sulfur-coated urea-36y&N), and one water-soluble , organic(urea-45%N) 
type. The application rates were 97.56 and 195.12kgN/ha over a growing 
season. Fertilizer application initiation was begun on June 26,1981 
with one half of the plots recieving 48.76kgN/ha and the other half 
recieving 97.56kgN/ha. 0:i September 4,1981 all N treated plots again 
received the amount of N they recieved in June. These same application 
rates were repeated in 1982 on June 1 and July 18. Fertilizer 
treatments were applied to the same plots in 1981 and 1982. 
Irrigation regime. No irrigation water was applied to the fairway 
study plots except after the 48.76kgN/ha and 97.56kgN/ha fertilizer 
applications made on 9/4/81. Two-1.27cm applications of water followed 
to prevent fertilizer burn. In 1982, a 1.27cm application of water was 
made on 7/18/82 to alleviate drought symptoms. Rainfall patterns during 
the 1981/82 study seasons are shown in figures 1 and 2. 
Turf clipping collection. A 182.88cm x 53.34cm(length x width) swath 
was cut through each plot. Clippings were dried and weighed as 
mentioned previously. Turf clipping collection started on 7/1/82 and 
repeated every two weeks until 7/28/82. 
Root depth measurements. Soil cores(20.32cm deep x 10.47cm wide) 
were removed from each plot with a putting green cup changer. The soil 
was gently shaken from the core and the roots were measured from the 
soil surface to the bottom of the largest group of fibrous roots. 
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Quality ratings, (^ality rating began on 7/1/82 and was repeated 
every two weeks until 7/29/82. The procedure outlined previously was 
followed. 
Soil and Soil Water Sampling and Testing. 
Description and construction of soil water sampling tubes. Water 
sampling tubes were constructed after the design of the Model 1900 Water 
Sampler from the Soil Moisture Equipment CompanyCP.O. Box 30025, Santa 
Barbara, California 93105 USA)(figure 3)» The water sampling tube 
consisted of an ABS plastic tube(35.56cm long x 3.81cm wide 0.32cm wall 
thickness). Tubes were fitted with Model 1910 round bottom ceramic 
porous cups (Soil Moisture Equipment Company) at one end and a rubber 
stopper assembly at the other end. Stopper assemblies consisted of 
one-holed size no. 9 rubber stoppers fitted with 5.08cm lengths of 
hollow glass tubing. The glass tubes extended approximately 1.27cm from 
both sides of the rubber stoppers. A silicone rubber sealant was used 
to form an air-tight seal where the glass emerged from the rubber. A 
neoprene tube(0.18cm I.D. x 0.31cm wall thickness) was then attached to 
the glass tube by rubber sealant. A laboratory pinch clamp, either 
stainless steel or plastic, was placed onto the neoprene tube so the 
tube could be pinched closed. 
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In order to fit the oeramio porous oups to ADS tubing modifloatlons 
were made by sanding off the lip at the open end of the oups. The 
ceramic porous cups were then attached to the tube with a common 
two-part epoxy cement. The water sampling tube assemblies were allowed 
to dry for at least 48 hours prior to Installation. 
Tube installation. A screw auger( 3.8cm wide) was used to core a 35.6cm 
hole into all plots. To permit visibility to the bottom of the augered 
hole, a standard putting green cup changer was used to remove a 12.7cm x 
10.47cm(depth x width) core of soil and turf from around it. A 
bentonite clay paste was placed at the bottom of the auger hole and 
packed down with a steel rod. Final hole depth was 30.48cm. A soil 
water sampling tube was then inserted into the augered hole ceramic-end 
first and pressed firmly against the bentonite pad. This was done to 
ensure that the meramic cup was in tight, intimate contact with the soil 
to enhance movement of soil water into the pores of the ceramic cup(3). 
A water impermeable membrane was formed by placing dry bentonite clay 
around the sampling tube at the 12.7cm depth. Both clay seals helped to 
assure that soil solution being sampled was from the desired 30.48cm 
depth. 
Tube operation. Tubes were operated according to manufacturers 
instructions for the Model 1900 Water Sampler(3). A vacuum of 0.06MPa 
was applied to Swimpling tubes in the silt loam soil while 0.04MPa was 
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used in the putting green and sandy loam soils. Vacuun was maintained 
on the sampler tubes at all times. Oi a weekly basis, about 120ml of 
soil solution could be collected from the irrigated putting green turf 
plots. Samples from the silt and sandy loam soils were smaller than 
this since irrigation was not regularly applied. 
Soil water samples were removed from the tubes on a 
Monday-Wednesdy^riday basis with a hand-operated vacuum pump, and 
stored in 125ml polyethylene specimen bottles for analysis. Soil water 
samples were collected from the suction tubes prior to a fertilizer 
appication on the putting green. 
N03- determinations in soil water samples. The quantification of N03- 
concentrations in leachate was made using an Orion N03- Specific 
Electrode Model 93-07(0rion Research,Inc.,Cambridge, MA 02139 USA). 
N03- was measured in parts/million(ppm) and standard procedures for 
determinations were followed(11). 
NH4^- determinations in soil water samples. NH4+ determinations were made 
using a modified sodium nitroprusside catalyzed indophenol reactionC20). 
A standard curve was developed for NH4+ concentrations between O.OIppm 
to 0.72ppm. 
Total soil nitrogen. Soil samples were collected at the termination of 
the field studies and frozen until analysis. A soil core(30.48cm deep x 
2.54cm wide) was removed from each plot and separated into three 10.16cm 
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sections designated D1(0-10.16cm), D2(10.16-20.32cm), and 
D3(20.32-30.48cm). Total soil nitrogen was determined using a 
semimicro-kjehldahl procedure which was modified to include 
nitrate-nitrogen(17) • 
Results 
Golf putting green. Fertilizer regime did not have a significant 
influence on soil N03- leachate concentrations in 1981(table 1). 
Nitrate levels in leachate were highest at the first sampling time for 
all treatments, except ammonium nitrate and ammonium sulfate. Nitrate 
concentrations were less than 3ppfn. 
Soil NH4+ leachate concentrations for 1981 are shown in table 2. 
Fertilizer regime did not effect these concentrations. Maximum NH4+ 
levels obtained in soil leachate were I.OIppm from turf receiving 
ammonium nitrate. All other NH4+ concentrations were less than 0.98ppm. 
In 1982, soil N03- leachate concentrations were again highest at the 
first sampling time(table 3)• Nitrate levels were also higher for the 
controls. After the first sampling time N03- concentrations were seen 
to decrease sharply until a 48.76kgN/ha fertilizer application was made 
on 7/17/82 to all plots that had already received N treatments. Soil 
N03- leachate concentrations from the calcium nitrate treated plots rose 
to >10ppm for two weeks following this treatment. The ammonium nitrate 
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Table 1. Mean soil NO3- leachate concentrations(ppm), leachate 
collection dates, and nitrogen fertilizers applied at two N regimes to a 
sand :peat soil golf putting green-1981. 
9.76kgN/ha/7days 
Leachate 
collection urea 
calcium 
nitrate 
ammonium 
nitrate 
ammonium 
sulfate UF IB DU control 
date PPM NO 3- 
7/28 2.60a 1.88al»2 1.68a 1. 75a 1.80a 2.60a 
8/27 .11b .11b 2.82a .13a 15b .16b .12b 
9/4 1.36a 1.40a 1.15a 2.93b 1. 00a 1.82a 2.14a 
9/11 .11b .10b .93a . 10a 12b .15b .16b 
9/18 .11b 1.21a .49a .09a 08b .12b .04b 
9/25 .07b . 00
 
0
 
O
' 
.15a .07a 11b .07b • 0
 
O
' 
19.52kgN/ha/14days 
7/28 2.30a 1.65a .68a 1.38a 2. 30a 2.18a 2.20a 
8/27 .13b .17b .14a .15b 14b . 10b .14b 
9/4 .74b .76b 1.01a 1.19a 1. 98a 1.16a 1.03a 
9/11 .11b .20b .12a . 14b 13b .10b .10b 
9/18 .34b .36b .98a .05b .06b .03b .04b 
9/25 .06b .11b .24a . 13b ,07b .05b 1.07a 
regimeC p=. 
1. numbers 
25) . 
down a colunn within the same regime followed by the same 
letter are not significantly different when analyzed by the Duncans’ new 
multiple range test(p=,05). 
2. each number represents the mean NO3- concentration of 4 reps. 
- NO3- concentrations undeterminably low(less than O.OIppm). 
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Table 2. Mean soil NH4+ leachate coneentrations(ppm), leachate 
collection dates, and nitrogen fertilizers applied at two N regimes to a 
sand :peat soil golf putting green-1981. 
9.76kgN/ha/7days 
Leachate 
collection urea 
calcium 
nitrate 
anmonlum 
nitrate 
ammonium 
sulfate UF IB DU control 
date PPM NH4+ 
7/28 .05a^ ,2 _ - — - - - 
8/27 .40b .27a 1.01a .25a .61a . 15a . I6ab 
9/4 . 13a .10b .17a .13ab .llbc .10b . 1 lac 
9/11 
j 
.09a .14ab .19a .17a .26b .10b . 17b 
9/18 .02a .01b .02a .01b .01c .01c .02d 
9/25 .06a .02b .03a .01b .05bc .01c .10c 
19.52kgN/ha/14days 
7/28 .03a .03a .68a .03a - - - 
8/27 .27b .48a .14a .51b .24a . .18a .21a 
9/4 . 12b .11a 1.01a .10a .10a .12a . 1 labc 
9/11 .02a .01a .12a .01a .01b .02b . 13ab 
9/18 .01a .01a .98a .01a .01b .02b .Olcd 
9/25 .11b . 06a .24a .01a .01b .01b 1.08bcd 
regimeC p=. 
1. numbers 
14) . 
down a colunn within the same regime followed by the same 
letter are not significantly different when analyzed by the Duncans’ new 
multiple range test(p=.05). 
2. each number represents the mean NH4+ concentration of 4 reps. 
- NH4+ concentrations undeterminably low(less than O.OIppm). 
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Table 3- Mean soil NO3- leachate concentrations(ppm), leachate 
collection dates, and nitrogen fertilizers applied at t\go N regimes* to 
a sand :peat soil golf putting green-1982. 
9.76kgN/ha/7days 
Leachate 
collection 
date 
urea 
calciun 
nitrate 
ammonium 
nitrate 
ammonium 
sulfate UF IB DU control 
PPM 1 NO 3- 
6/16 2.38a 5.58al>2 2.44a 4.63a 5.23a 2.35a 4.45a 
6/25 .63b .91a .78a .67a 2.44b .34a 1.74b 
7/9 78b .53a .58a .43a .65b .60a .78b 
7/16 1.20 b 1.80a 1.08a .73a 1.30b .98a 1.18b 
7/23 1.28b 15.20a 2.05a .76a 1.88b 1.50a 2.33b 
7/30 1.25b 10.48a 3.48a .81a 1.28b 1.13a 1.83b 
19.52kg N/ha/14days 
6/16 3.52a 7.01a 3.88a 3.45a 2.75a 2.54a 6.69a 
6/25 .53b .75a .82a .61a .34b .53a .74b 
7/9 .65b .45a .60a .48a .88bc .65a 1.00b 
7/16 .85b 1.28a 1.15a .70a 1.40abc 1.05a 1.58b 
7/23 1.28b 7.83a 1.95a .78a 1.95ac 1.60a 1.93b 
7/30 1.27b 10.58a 3.70a . 80a 1.30bc 1.13a 1.90b 
regime(p=.66). 
* a 48.76kgN/ha application was made to all plots on 7/17/82. 
1. numbers down a column within the same regime followed by the same 
letter are not significantly different when analyzed by the Duncans’ new 
multiple range test(p=.05). 
2. each number represents the mean NO3- concentration of 4 reps. 
- NO3- concentrations undeterminably low(less than O.OIppm). 
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treated plots did not result in concentrations greater than 3.48ppra. 
All other treatments showed only slight increases in N03- leachate 
concentrations. 
The 1982 soil NH4+ leachate concentrations were not affected by 
fertilizer regime (-able 4). All treatments resulted in negligable NH4+ 
concentrations. 
Mean N03- and NH4+ concentrations over the entire 1981 and 1982 
seasons are shown in tables 5 and 6. In 1981 no significant differences 
were found between the treatments for N03- concentrations. Nitrate 
levels increased in soil leachate from 1981 to 1982 for all treatments, 
including the control. Only calcium nitrate treated plots were 
significantly higher than the other treatments in 1982(table 5). 
Ammonium leachate concentrations were negligable in 1982(table 6). 
Mean turf root depth was not affected by type or regime of 
fertilizer applied in either 1981 or 1982(table 7). Average root depth 
was 23.8cm in 1981 and 22.93cm in 1982. 
Quality ratings were not affected by N fertilizer regime during 
1982(table 8). Both the UF treated plots and the controls had the 
lowest seasonal quality ratings in 1982. Urea and calcium nitrate 
treated turf were given the highest quality rating at each regime, 
respectively. 
Calcium nitrate treated turf had the highest weekly clipping yields 
for both N regimes(table 9). Ureaformaldehyde, IBDU, and the control 
treated turf had the lowest growth rate. 
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Table 4. Mean soil NH4+ leachate concentrations(ppra), leachate 
collection dates, and nitrogen fertilizers applied at two N regimes* to 
a sand:peat soil golf putting green-1982. 
9.76kgN/ha/7days 
Leachate 
collection 
date 
calciun 
urea nitrate 
ammoniun 
nitrate 
ammonium 
sulfate UF IB DU control 
PPM i NH4+ 
6/16 . 11a^’‘ -.52a .11a .27a .84a .15a .15a 
6/25 - - - — .03b .02b - 
7/9 - - - - - - - 
7/16 - - - - — - - 
7/23 - - .01a - .01b .02b - 
7/30 - .01b .03a .03a - - — 
19.52kg N/ha/14days 
6/16 . 17a .18a .08a .17a .12a .07a .55a 
6/25 - - - - .02a - - 
7/9 .02b - - - - .01a - 
7/16 - - .02a - - - - 
7/23 .01b - .01a - .01a .02a - 
7/30 .01b .03a .03b .25a 
regime(p=.54) . 
* a 48.76kgN/ha application was made to all plots on 7/17/82. 
1. numbers down a colunn within the same regime followed by the same 
letter are not significantly different when analyzed by the Duncans’ new 
multiple range test(p=.05). 
2. each number represents the mean NH4+ concentration of 4 reps. 
- NH4+ concentrations undeterminably lowCless than O.OIppm). 
Table 5. Mean soil N03- leachate 
concentrationsCpprn), nitrogen fertilizers, and 
regimes* applied to *Pehncross’ creeping bentgrass 
on a sandipeat soil mixture in 1981 and 1982. 
1981 1982 
Nitrogen regime 1 regime 2 regime 1 regime 
fertilizer PPM o
 
U
) 1 
urea .73al>2 .61a 1.25a 1.35a 
calcium 
nitrate .80a .54a 5.75b 4.64b 
ammonium 
nitrate 1.20a .53a 1.73a 2.02a 
ammonium 
sulfate .55a • o
 
Q
) 1.34a 1.13a 
UF .53a 
(Q
 
C
O
 • 2.18a 1.44a 
IB DU .69a .60a 1.15a 1.25a 
control .85a .76a 2.05a 2.31a 
* regime 1= 9-76kgN/ha ;regime 2= 19«52kgN/ha. 
1. numbers down a column followed by the same 
letter are not significantly different when 
analyzed by the Duncans' new multiple range 
test(p=.05). 
2. each number represents the mean N03- 
concentration of 4 reps. 
Table 6. Mean soil NH4+ leachate 
concentrations(ppm), nitrogen fertilizers, and 
regimes* applied to ’Penncross’ creeping bentgrass 
on a sand:peat soil mixture in 1981 and 1982. 
1981 1982 
Nitrogen regime 1 regime 2 regime 1 regime 
fertilizer PPM NH4+ 
urea .12a^»2 .09a .02a .04a 
calcium 
nitrate .09a .12a .09a .04a 
ammonium 
nitrate .24a .09a .03a .02a 
ammonium 
sulfate .09a .11a .05a .03a 
UF .17a .06a .15a .03a 
IBDU .06a .06a .03a .02a 
control .09a .09a .03a .14a 
* regime 1= 9.76kgN/ha ; regime 2= 19.52kgN/ha. 
1. numbers down a column followed by the same 
letter are not significantly different when 
analyzed by the Duncans’ new multiple range 
test(p=.05). 
2. each number represents the mean NH4+ 
concentration of 4 reps. 
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Table 7. Mean root depth(cm) of 'Penncross' 
creeping bentgrass grown on a sand:peat soil 
mixture, nitrogen fertilizers, and N regimes* 
applied in 1981 and 1982. 
1981 1982 
Nitrogen regime 1 regime 2 regime 1 regime J 
fertilizer ROOT DEPTH(CM) 
urea 23.66a^ 25.33a 24.12a 23.57a 
calcium 
nitrate 23.18a 26.13a 22.13a 22.63a 
aramoniLsn 
nitrate 22.83a 24.55a 23.63a 23.18a 
ammoniun 
sulfate 22.64a 22.54a 22.62a 23.38a 
UF 24.76a 21.91a 22.24a 23.00a 
IBDU 24.29a 22.55a 23.62a 23.37a 
control 25.96a 23.10a 21.52a 22.00a 
regime:1981(p=.63);1982(p=.79). 
« 
regime 1= 9.76kgN/ha/s€ason; regime 2= 19«52kgN/ha/season. 
1. nmbers down a column followed by the same 
letter are not significantly different when 
analyzed by the IXincans' new multiple range 
test(p=.05). 
2. each number represents the mean root depth of 4 
reps. 
Table 8. Mean quality ratings of *Penncross* creeping 
bentgrass growing on a sandipeat soil mixture, 
nitrogen fertilizers and N regimes applied in 1982. 
Mitrogen 9.76kgN/ha/7days 19.52kgN/ha/14days 
fertilizer QUALITY RATING 
urea 6.3^'’^ 6.2a 
calcium 
nitrate 5.8a 6.5a 
annoniin 
nitrate 5.7a 5.7a 
acrtoniia 
- 
sulfate 5.8a 5.4a 
UF 4.1b 4.4b 
13 DU 5.0a 5.7a 
control 1.9b 1.9b 
regime(p=.41). 
* quality ratings based on a scale of 1 to 9 with 
Isvery poor turf and 9=excellent turf. 
1, numbers down a column followed by the same letter 
are not significantly different when analyzed by the 
Duncans* * new multiple range test(p=.05). 
2. each nuaber represents the mean quality rating of 4 
reps. 
Table 9» Mean turf clipping dry weightsCg) of 
'Penncross* creeping bentgrass growing on a 
sand :peat soil mixture, nitrogen fertilizers, and N 
regimes applied in 1982. 
Nitrogen 9.76kgN/ha/7days 19.52kgN/ha/14days 
fertilizer DRY WEIGHT(G) 
urea 4.85a^»^ 4.98ab 
calcium 
nitrate 6.03a 6.11a 
ammonium 
nitrate 4.74ab 5.02ab 
ammonium 
sulfate 5.10a 5.33ab 
UF 1.38c 1.26c 
IB DU 1.78bc 1.79bc 
control .39c .59c 
1. numbers down a column followed by the same 
letter are not significantly different when 
analyzed by the Duncans* new multiple range 
test(p=.05). 
2. each number represents the mean dry weight of 4 
reps. 
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Differences in mean Jtotal soil nitrogen(TSN) as a result of N 
regime were not significantCtable 10). Ammonium nitrate and ammonium 
sulfate applied at both regimes had a greater %TSN at the 0-8.5cm soil 
depth than any other treatment. No differences in ^TSN were seen 
between treatments at the two other sampling depths. There was a trend 
towards a decreasing 55TSN as sampling depth increased, except for the 
urea treated plots which increased from depth 1 to 2 at 
19.52kgN/ha/14days. 
Fairway studies. In 1981 rate of fertilizer applied(97.56kgN/ha/season 
and 195.12kgN/ha/season) had no effect on soil N03- leachate 
concentrations for either the silt or sandy loam soiKtables 11 and 12). 
Nitrate concentrations in soil leachate from the two soil types were not 
significantly different from each other(P=0.28). Soil N03- leachate 
concentrations collected from the silt loam plots were greatest at the 
first sampling time. Nitrate levels decreased sharply, thereafter, and 
remained low even after the mid-application of 48.76 or 97.56kgN/ha made 
on 9/4/81. When these N rates were repeated for turf on the sandy loam 
soil, N03- levels in leachate increased sharply, except for the UF and 
control treated plots. 
Ammonium leachate concentrations in 1981 were negligable and not 
influenced by N rate appliedCtables 13 and 14). 
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Table 10. Mean 56total soil nitrogen taken at 3 soil depths from below 
'Penncross* creeping bentgrass growing on a sandipeat soil mixture after 
the application of N fertilizers at two N regimes. 
9.7 6kgN/ha/sea son 
Soil 
depth(era) 
urea 
calcium 
nitrate 
ammonium 
nitrate 
ammonium 
sulfate UF IB DU control 
% TSN 
0-10.2 .20al *2.21a .31b» .34ab .20a .21a .24a 
10.2-20.3 . 18a .19a .20a .20a .17a .18a .19a 
20.3-32.5 .18a . 16a .19a . 17a . 18a . 16a .17a 
19. 52kgN/ha/season 
0-10.2 .20a .20a .23ab .25b .21a .20a .22ab 
10.2-20.3 .27a .17a .24a .21a . 18a . 16a .20a 
20.3-32.5 . 18a . 16a .20a .17a . 16a .15a .17a 
regime(p=.79) 
1. numbers across a colunn followed by the same letter are not 
significantly different when analyzed by the Duncans' new multiple range 
test(p=.05). 
2. each number represents the mean ^total soil nitrogen of 4 reps. 
* numbers down a column within regimes followed by an asterick are 
significantly different at the p=.05 level. 
Table 11, Mean soil NO3- leachate concentrations(ppm), 
leachate collection dates, and nitrogen fertilizers applied 
at two rates* * to a Kentucky bluegrass-red fescue-colonial 
bentgrass sod on a silt loan soil-1981. 
97.56kgN/ha/season 
sulfur- 
Leachate methylene coated 
collection 
date 
urea urea urea UF control 
PPM-NO3- 
7/28 1.63a 1.08a^’ 2 1.80a 1.18a 1.48a 
8/27 - - - - - 
9/4 . 12b .09b 1.33abc .83a .08b 
9/11 .41b .09b ,59abc .97a .16b 
9/18 .71ab .20b . I6bc .53a .61bc 
9/25 .55b .16b 1.55ac .65a .90c 
195.12kgN/ha/season 
7/28 1.23a 1.15a 1.83a 1.00a 1.50a 
8/27 - - - - - 
9/4 .50a .11a .73a .16b .55a 
9/11 .63a .52a .78a .19b .63a 
9/18 .11a .57a .23a .12b .35a 
9/25 .50a .61a .30a .11b .64a 
rate(p=.43). 
* 1/2 of total N/season was applied on 6/26/81 and 9/4/81. 
1. numbers down a column within a rate followed by the same 
letter are not significantly different when analyzed by the 
Duncans* new multiple range test(P=.05). 
2. each number represents the mean NO3- concentration of 4 
reps. 
- NO3- concentrations undeterminably lowCless than .Oippm). 
Table 12. Mean soil NO3- leachate concentrationsCppm), 
leachate collection dates, and nitrogen fertilizers applied 
at two rates* * to a Kentucky bluegrass-red fescue-colonial 
bentgrass sod on a sandy loam soil-1981. 
97* 56kgN/ha/season  
sulfur- 
Leachate methylene coated 
collection urea urea urea UF control 
date PPM. -NO 3- 
7/28 1.18al .2.98a 1.60a 1 .90a 1.55a 
8/27 - - - - - 
9/4 . 13a .06a .04b .04b .05b 
9/11 .15a .05a .04b .03b .25b 
9/18 2.10a 2.66a 1.19ab .14b .06b 
9/25 2.00a 2.10a 1.06ab .11b .15b 
195.12kgN/ha/season 
7/28 1.43a 1.55ab 1.60a 1 . 18a 1.28a 
8/27 - - - - - 
9/4 .04b .04a .11b - .03b 
9/11 .04b .04a .11b - - 
9/18 . 18b 5.56c 1.89a .15b .51b 
9/25 1.50a 2.23b 1.38ab .21b .10b 
rate(p=.18). 
* 1/2 of total N/season was applied on 6/26/81 and 9/4/81. 
1. numbers down a column within a rate followed by the same 
letter are not significantly different when analyzed by the 
Duncans* new multiple range test(P=.05). 
2. each number represents the mean NO3- concentration of 4 
reps. 
- NO3- concentrations undeterminably low(less than .Oippm). 
Table 13- Mean soil leachate concentrationsCppm) , 
leachate collection dates, and nitrogen fertilizers applied 
at two rates* to a Kentucky bluegrass-red fescue-colonial 
bentgrass sod on a silt loam soil-1981. 
97.56kgN/ha/season 
sulfur- 
Leachate methylene coated 
collection urea urea urea UF control 
date PPM- -NH4+ 
7/28 .05a^ »^.03a - .03a - 
8/27 .04a - - - .04a 
9/4 .09a .04a - - - 
9/11 .10a .03a - .03a - 
9/18 - - - .02a - 
9/25 .01a .02a .01a .03a .01a 
195.12kgN/ha/season 
7/28 .03a. .03a .03a - .03a 
8/27 - - - .29a - 
9/4 - - - .03a - 
9/11 - - .22a .06a - 
9/18 .01a - - - - 
9/25 .01a .02a .02a - — 
rate(p=.52). 
* 1/2 of the total N/season was applied on 6/26/81 
9/4/81. 
1. numbers down a colunn within a rate followed by the same 
letter are not significantly different when analyzed by the 
Duncans’ new multiple range test(P=.05). 
2. each number represents the mean NH4+ concentration of 4 
reps. 
- NH4+ concentrations undeterminably low(less than .Oippm). 
Table 14. Mean soil NH4+ leachate concentrationsCppm), 
leachate collection dates, and nitrogen fertilizers applied 
at two rates* to a Kentucky bluegrass-red fescue-colonial 
bentgrass sod on a sandy loam soil-1981. 
97«56kgN/ha/season 
Leachate 
collection 
methylene 
urea urea 
sulfur- 
coated 
urea UF control 
date PPM. -NH4+ 
7/28 .05a^ ,2 _ .03a .03a - 
8/27 .62a .05a .04a - .03a 
9/4 - - - - - 
9/11 .04a .14a .93a .73a .21b 
9/18 . 19a .02a .01a .04a - 
9/25 .21a .03a .02a .01a - 
195.12kgN/ha/season 
7/28 .03a .03a .02a - .03a 
8/27 - .05a .60a .28a - 
9/4 - - - - - 
9/11 .28b .97a .35a .95b .60a 
9/18 - - — - . 12a 
9/25 .02a .01a .02a - - 
rate(p=.66). 
* 1/2 of the total N/season was applied on 6/26/81 and 
9/4/81. 
1. numbers down a colimn within a rate followed by the same 
letter are not significantly different when analyzed by the 
Duncans’ new multiple range test(P=.05). 
2. each number represents the mean NH4+ concentration of 4 
reps. 
- NH4+ concentrations undeterminably low(less than .Oippra). 
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Table 15. Mean soil N03- leachate concentrationsCppm)tleachate 
collection dates, and nitrogen fertilizers applied at two rates* to 
a Kentucky bluegrass-red fescue-colonial bentgrass sod on a silt 
loam soil-1982. 
97.56kgN/ha/season 
Leachate 
collection 
date 
methylene 
urea urea 
sulfur- 
coated 
urea UF control 
PPM N03- 
6/7 4.73a 2.48a^’^ 4.80a 4.20a 3.31a 
6/10 1.08b 1.30a 1.33a 1.10b 1.10b 
6/18 1.10b 1.35a 1.46b 1.28b 1.00b 
7/14 
C
O
 
o^ • 1.85b 1.45b 1.28b .90b 
7/25 1.30b 1.20a 1.52b 1.50b 1.44b 
195.12kgN/ha/season 
6/7 5.30a 3.65a 4.13a 4.78a 4.95a 
6/10 .93b 1.03b 2.03b 1.85b .95b 
. 6/18 1.26b 1.00b 1.55b 1.98b 1.10b 
7/14 1.28b .95b 1.60b 1.96b 1.15b 
7/25 1.32b 1.20b 1.52b 1.50b 1.44b 
rate(p=.38). 
* 1/2 of total N/season was applied on 6/1/82 and 7/18/82. 
1. numbers iown a column within a rate followed by the same letter 
are not significantly different when analyzed by the Duncans’ new 
multiple range test(p=.05). 
2. each number represents the mean N03- concentration of 4 reps. 
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Table 16. Mean soil NO3- leachate concentrations(ppm),leachate 
collection dates, and nitrogen fertilizers applied at two rates* to 
a Kentucky bluegrass-red fescue-colonial bentgrass sod on a sandy 
loam soil-1982. 
97.56kgN/ha/season 
Leachate 
collection 
date 
methylene 
urea urea 
sulfur- 
coated 
urea UF control 
PPM NO 3- 
6/7 .87a .61al.2 .57a 1.49a 1.31a 
6/10 1.45a 1.83ab .60a 1.03a .93b 
6/18 1.50a 1.57b .88a 1.00a 1.21a 
7/14 • 1.08a 1.50b .75a .75a .70b 
7/25 1.22a .92a .87a 1.00a .94b 
195.12kgN/ha/season 
6/7 .94a .93a .77a .75a .69a 
6/10 1.33a 1.25a 1.05ab 1.18b 1.43b 
6/18 .93a .92a 1.10b .70a .55a 
7/14 .95a .80a 1.15b .65a .59a 
7/25 1.21a .92a .89a 1.OOab .94a 
rate(p=.89)• 
* 1/2 of total N/season was applied on 6/1/82 and 7/18/82. 
1. numbers down a colunn within a rats followed by the same letter 
are not significantly different when analyzed by the Duncans’ new 
multiple range test(p=.05). 
2. each number represents the mean NO3- concentration of 4 reps. 
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Table 17. Mean soil NH4+ leachate concentrations(ppm).leachate 
collection dates, and nitrogen fertilizers applied at two rates* to 
a Kentucky bluegrass-red fescue-colonial bentgrass sod on a silt 
loam soil-1982. 
97.56kgN/ha/season 
Leachate 
collection 
date 
methylene 
urea urea 
sulfur- 
coated 
urea UF control 
PPM NH4+ 
6/7 .Ola^ 
,2_ - - .02a 
6/10 .05a .03a .05a .04a .07a 
6/18 - - - .02a - 
7/14 - .01a - - .01a 
7/25 .03a .02a - - .01a 
195.12kgN/ha/season 
6/7 .01a .01a - .02a .01a 
6/10 . 06a .04a .06a .03a .05a 
6/18 - - - .02a .01a 
7/14 .05a .03a - .01a - 
7/25 .02a .02a .01a 
rate(p=.67) 
* 1/2 of total N/season was applied on 6/1/82 and 7/18/82, 
1. numbers down a column within a rate followed by the same letter 
are not significantly different when analyzed by the Duncans' new 
multiple range test(p=.05). 
2. each number represents the mean NH4+ concentration of 4 reps. 
- NH4+ concentrations undeterrainably low(less than .Oippm). 
Table 18. Mean soil NH4+ leachate concentrations(ppra), 
leachate collection dates, and nitrogen fertilizers applied 
at two rates* to a Kentucky bluegrass-red fescue-colonial 
bentgrass sod on a sandy loam soil-1982. 
97.56kgN/ha/season 
Leachate 
collection 
sulfur- 
methylene coated 
urea urea urea UF control 
date PPM-NH4+ 
6/7 - 
1,2 
.01a 02a .01a 
6/10 - - - — .03b 
6/18 - - - - .01a 
7/14 .01a - - 
7/25 .01a - - - 
195.12kgN/ha/season 
» 
6/7 .01a .02a .03a - - 
6/10 - - - - .02a 
6/18 - - - - .01a 
7/14 .01a - - - - 
7/25 — — - - - 
rate(p=.54). 
* 1/2 of the total N/season was applied on 6/1/82 and 
7/18/82. 
1. numbers down a column within a rate followed by the same 
letter are not significantly different when analyzed by the 
Duncans’ new multiple range test(P=.05). 
2. each nunber represents the mean NH4+ concentration of 4 
reps. 
- NH4+ concentrations undeterminably low(less than .Oippm). 
Table 19* Mean root depth(cm) of a Kentucky 
bluegrass-red fescue- colonial bentgrass sod, 
growing on two soil types, and nitrogen fertilizers 
applied at two rates* in 1981. 
silt loam soil sandy loam soil 
Nitrogen rate 1 rate 2 rate 1 rate 2 
fertilizer ROOT DEPTH(CM) 
urea 14.63a^ »2i4.75a 15.25a 15.60a 
methylene 
urea 12.50a 12.75a 14.75a 15.74a 
sulfur-- 
coated 13.63a 11.63a 15.63a 15.53a 
urea 
UF 13.00a 14.13a 15.75a 15.25a 
control 13.13a 13.00a 16.00a 15.50a 
rate:silt loam soil(p=.41); sandy loam soil(p=.90). 
soil;(ps.OO). 
• rate 1= 97.56kgN/ha/season; rate 2= 195.12 
kgN/ha/season .* 
1. numbers down a column followed by the same 
letter are not significantly different when 
analyzed by the Duncans* new multiple range 
test(p3.05). 
2. each number represents the mean root depth of 4 
reps. 
Table 20. Mean root depth(cm) of a Kentucky 
bluegrass-red fescue- colonial bentgrass sod 
growing on two soil types, and nitrogen fertilizers 
applied at two rates* in 1982. 
silt loam soil sandy loam soil 
Nitrogen rate 1 rate 2 rate 1 rate 2 
fertilizer ROOT DEPTH(CM) 
urea 12.07a^ ’^13.97a 16.51a 15.88a 
methylene 
urea 13.34a 11.43a 16.36a 15.88a 
sulfur- 
coated 13.34a 13.00a 19.05a 19.35a 
urea 
UF 13.30a 13.97a 16.81a 18.42a 
control 14.91a 12.39a 15.24a 16.81a 
rate:silt loam soil(pr.48); sandy loam soil(p=.55). 
soil(p=.00). 
* rate 1= 97.56kgN/ha/season; rate 2= 195.12 
kgN/ha/season. 
1. numbers down a column followed by the same 
letter are not significantly different when 
analyzed by the Duncans’ new multiple range 
test(p=.05). 
2. each number represents the mean root depth of 4 
reps. 
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Table 21. Mean Stotal soil nitrogen for 3 soil depths taken from a 
silt loan soil, and nitrogen fertilizers applied at two rates. 
97.56kgN/ha/season 
sulfur- 
methylene coated 
Soil urea urea urea UF control 
depth(ca) % TSN 
0-10.2 .53a^’ ̂  .54a .55a .51a .55a 
10.2-20.3 .51a .50a .49ab .49a .50a 
20.3-32.5 . 40a .48a .42b .40b .41b 
195.13cgN/ha/season 
0-10.2 .51a .52a .55a .52a .53a 
10.2-20.3 .50ab .52a .45b .48a .51a 
20.3-32.5 .41b .46a .40b .40a .40b 
rate(p=.87). 
1. numbers across a colunn followed by the same letter are not 
significantly different when anaylyzed by the Duncans* new multiple 
range test(p=.05). 
2. each number represents the mean Jtotal soil nitrogen of 4 reps. 
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Table 22. Mean %total soil nitrogen for 3 soil depths taken from a 
sandy loam soil, and nitrogen fertilizers applied at two rates. 
97« 56kgN/ha/season 
sulfur- 
methylene coated 
Soil urea urea urea UF control 
depth(cm) % TSN 
0-10.2 .26a^ ’2.28a .32a .30a .27a 
10.2-20.3 .22a .21a .21a .21a .22a 
20.3-32.5 . Ida .17a .16a . 18a .18a 
195.12kgN/ha/season 
0-10.2 .30a .28a .32a .29a .29a 
10.2-20.3 .21a .21a .21a .22a .21a 
20.3-32.5 .18a .17a .17a . 17a . 18b 
rate(p=.64). 
1. numbers across a column followed by the same letter are not 
significantly different when anaylyzed by the Duncans’ new multiple 
range test(p=.05). 
2. each number represents the mean 56total soil nitrogen of 4 reps. 
Table 23* Mean turf quality ratings of a Kentucky 
bluegrass-red fescue- colonial bentgrass sod 
growing on two soil types, and nitrogen fertilizers 
applied at two rates* in 1982. 
silt loam soil sandy loam soil 
Nitrogen rate 1 rate 2 rate 1 rate 2 
fertilizer QUALITY RATING 
urea 7.1a ^ 6.6a 4.9a 6.0a 
methylene 
urea 7.0a 6.8a 5. lab 6.5a 
sulfur- 
coated 6.5a 6.5a 5.7b 6.3a 
urea 
UF 6.9a 6.7a 6.2b 5.5a 
control 6.4a 6.6a 4.8a 4.4b 
rate:silt loam soil(p=.43) ;3andy loam soil(p=.08). 
soil(p=0.00). 
* rate 1= 97.56kgN/ha/season; rate 2= 195.12 
kgN/ha/season. 
1. quality ratings based on a scale of 1 to 9 with 
Irvery poor turf and 9=excellent turf. 2. numbers 
down a column followed by the same letter are not 
significantly different when analyzed by the 
Duncans' new multiple range te3t(p=.05). 
2. each number represents the mean quality rating of 
4 reps. 
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During 1982, rate of fertilizer applied had no significant effect on 
turf clipping dry weights for turf growing on the silt loam soil (table 
24). Only at the high rate of N applied was the control significantly 
lower than N treated plots on the silt loam soil. Turf receiving N 
treatments at both rates on the sandy loam soil, except UF, produced 
significantly higher turf clippings than the controls. The 195.12kgN/ha 
rate applied to turf on the sandy loam soil resulted in significantly 
higher clipping yields than the 97.56kgN/ha rate. The UF and control 
treated plots had the lowest clipping yeilds/week regardless of N rate 
or soil type. 
Discussion. 
Golf putting green. Soil N03- leachate concentrations from all N 
treatments were very low in 1981. Concentrations ranged from 
2.93ppmN03- to 0.03ppniN03- and tended to decrease as the experiment 
proceeded(table 1). Ihe two fertilizer regimes applied to the golf 
putting green, 9,.76kgN/ha/7days and 19.52kgN/ha/14days, did not appear 
to result in excessive N leaching. 
Fast-release N fertilizers, when applied in excessive amounts, have 
been shovm to contribute more to N leaching losses than slow-release 
sources(13,43). Soil N03- and NH4+ leachate concentrations attributed 
to fast-release N fertilizers at both fertilizer regimes in this 
Table 24. Hean turf clipping dry weight(g)/week of 
a Ifent'JcJcy bluegrass-red fescue- colonial bentgrass 
sod growing on two soil types, and nitrogen 
fertilizers applied at two rates* in 1982. 
silt loam soil sandy loam soil 
fitrogen rate 1 rate 2 rate 1 rate ; 
fertilizer DRY WEIGHT(G) 
urea 7.83a^’2 9.30ab 5.98a 6.07a 
methylene 
urea 10.61a 11.30a 3.90ab 8.75c 
sulfur- 
coated 8.58a 10.52a 5.19a 5.88a 
urea 
tJF 7.22a 8.12ab 2.73bc 3.29b 
control 7.86a 6.31b 2.32c 2.81b 
ratersllt loan soil(p=.72);sandly loam soil(p=.02). 
soil;(p=.00). 
• rate 1r 97.56kgII/ha/sea8on; rate 2s 195.12 
IcgM/ha/season. 
1. nuabers down a oolunan followed by the same 
letter are not significantly different when 
analyzed by the Djncans* * new multiple range 
te8t(ps.05). 
2. each number represents the mean clipping weight 
of 4 reps. 
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experiment did not differ significantly from the slow-release 
fertilizers(tables 5 and 6). It is doubtful that golf course managers 
apply fast-release N fertilizers to putting greens in excess of these 
two fertilizer regimes used. Therefore, it appears that significant N 
leaching losses on the golf course are not likely. 
Ammonium leachate concentrations were negligable from turf that 
received N fertilizers on the golf putting green(table 6). It has been 
shown that NH4+ nitrogen does not contribute significantly to N leaching 
losses, but that N03- is the primary leachable form (14,43). 
A repeat of this experiment in 1982 again showed that the 2 N 
regimes nor fertilizer types applied had no effect on N03- and NH4+ 
leachate concentrationsCtables 3 and 4). Maximum N03- levels were 
always obtained one week after the first N fertilizer application with 
both N regimesCtable 3)• Since the control plots also had high N03- 
leachate concentrations at the first sampling time this suggested that 
N03- in leachate was not totally the result of N fertilizer application. 
It could possibly have resulted from the mineralization and 
nitrification of soil organic matter, or perhaps residual nitrogen 
fertilizer applied to all plots for spring green-up. 
Nitrate levels increased only after a single 48.76kgN/ha application 
was made to turf as calcium nitrateCtable 3) indicating that excessive 
applications of N03- fertilizers could lead to high N leaching losses. 
All other N sources applied at 48.76kgN/ha resulted in only slight 
increases in N03- leachate levels. 
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The deep and healthy root system of the turf on this sand :peat soil 
mixture probably Utlped to reduce N leaching losses(tables 7). As a 
result of increased root depth, nitrogen in the soil solution would have 
to travel a greater distance through the soil profile to get beyond the 
root zone of the turf. In addition, the perched water table in the 
green also helped to hold the soil solution in the vicinity of the root 
zone for a longer period of time. By permitting the turf roots to be in 
contact with N03- in solution longer more absorption may have occurred. 
Viets(60) points out that NO3- uptake by roots is very rapid and may 
only be limited by the rate of transport of N03-'to the root surface. 
Roots of many pasture grass species have been found to have 
excellent nutrient absorptive capabilities at soil depths far below the 
soil surface(49). Ihis may also be true of turfgrass species. It 
should be added, however, that all field studies carried out were not 
subject to stresses that golf greens often encounter. Such stresses may 
result in increased soil compaction, reduced turf vigor, and a less 
extensive root system, all of which could lead to increased N losses. 
Quality rating and clipping dry weight data showed that the 
fast-release N sources resulted in higher quality and growth rate of 
turfCtables 8 and 9)* Ureaformaldehyde and IBDU, when applied at 
9.76kgN/ha/7days or 19.52kgN/ha/14days, did not produce acceptable 
turfCquality rating>6.0). After a single 48.76kgN/ha application of 
IBDU in July of 1982 quality ratings increased to >6.0. It has been 
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reported that UF and IBDU should be applied at much higher rates for 
acceptable turf qualityC10,31,62). The low solubility or insolubility 
of these fertilizers results in slow turf growth and fertilizer response 
because of lowered N availability. In general, IBDU produced a better 
quality turf than UF probably because UF is dependent upon soil 
microorganisms for N release. It is also interesting to note that both 
UF and IBDU granules were removed with turf clippings by the greens 
mower which could partially explain the inefficiency of these 
fertilizers in producing acceptable turf quality. 
The mean %total soil nitrogen(^TSN) was greatest at the 0-10.16cm 
soil depth for ammonium nitrate and ammonium sulfate treated plots(table 
10). The results may indicate that NH4+ nitrogen was being fixed by the 
soil. Since the clay fraction of the soil was negligable it seems 
reasonable to assume that fixation would occur on the soils’ organic 
fraction. Urea applied at 19.52kgN/ha/14days resulted in a larger 5tTSN 
at the 8.5-17cm depth. Tomar and Sopar(58) showed that urea applied to 
barley on a loamy sand soil resulted in nitrogen being retained in the 
top 0-40cm of the soil profile, while other researchers have shown urea 
to leach (13,46). The leaching of unhydrolyzed urea to the 8.5-17cm 
depth, followed by hydrolysis to NH4-*- and fixation on the soils' organic 
fraction, could account for the high /6TSN at this depth. There was a 
trend towards a decreasing ^5TSN with increased soil depth and is typical 
of most soils(15). 
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Fairway studies. Nitrate and NH4+ concentrations in soil leachate were 
not influenced by the two fertilizer rates used in 1981(tables 11 to 
14). N03- leachate concentrations increased only after fertilizers were 
applied to the sandy loam plots at 48.76 and 97.56kgN/ha on September 
4,1981. Increases were probably influenced by two >3cm rainfalls which 
occurred after the fertilizers were applied. The UF and control 
treatments did not result in N03- increases and seemed to indicate that 
N release from urea, methylene urea, and sulfur-coated urea were more 
rapid than that from UF and, therefore, more prone to leaching on the 
sandy loam soil. 
NH4+ concentrations also increased in leachate collected from the 
sandy loam soiKtables 14). These increases can only partially be 
attributed to N fertilizers because NH4+ increases were also observed 
for the control. An increase in N03- and NH4+ concentrations were not 
seen in the silt loam soil leachate since the soil probably had a 
greater water holding capacity than the sandy loam soil. 
In 1982 soil NOj- leachate concentrations from the silt loam soil 
were significantly higher than that of the sandy loam soil(p=0.00). 
Because control plots on the silt loam soil were equally as high in 
nitrates, it appears that the presence of N in leachate was not totally 
the result of the kind of fertilizer applied or its' rate. The silt 
loam soil seemed to have a naturally high fertility level with an an 
organic matter content of k,0% and an average ^TSN of between 
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0.40-0.55^5. These soil properties may have played a major role in 
contributing N to the soil solution through mineralization. 
N03- leachate concentrations from the sandy loam soil did not 
increase following the 48.76 or 97.52kgN/ha application rates on 
September 4,1982(table 16). Following these applications several light 
rainfalls occurred, but nothing comparable to the heavy rainfalls in 
1981(figures 1 and 2). Light rainfalls evidentally had little effect on 
N leaching. 
Quality ratings and clipping yeilds for turf growing on the silt 
loam soil, including the control, were higher than for turf growing on 
the sandy loam soil(tables 23 and 24). These results also support the 
premise that ttxe silt loam soil had a high fertility level which could 
have been the major contributor of N in leachate. Turfgrass that 
recieved N fertilizers on the sandy loam soil responded well to 
treatments and had fair quality ratings while the controls were 
extremely poor. The high N application rate on this soil gave better 
turf quality than the low rate. 
Root depth did not vary with fertilizer form or rate(tables 19 and 
20). It did vary as a result of soil type with the root zone of the 
turf growing on the sandy loam soil bieng deeper than the turf roots in 
the silt loam soil. Deeper rooting in the sandy loam soil was probably 
the result of better soil drainage and aeration. 
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A comparison between the 1931 and 1982 field results. Both the 1981 and 
1982 field studies showed that N03- nitrogen was the primary leachable 
form of nitrogen. N03- concentrations were higher in 1982 than in 1981, 
but the applications of N fertilizers did not seem to be the cause. 
Environmental conditions may have varied enough to affect the normal 
levels of N in the soil solution. These probably included ambient air 
and soil temperatures, and soil water. 
CHAPTER IV 
GREENHOUSE STUDIES 
Experiment I 
Materials and methods. 
Establishment and maintenance. Fifty-six plastic pots(30.48cm deep x 
30.48c!m wide) were each filled with 16.8kg of an 80^:20% sand-peat 
mixture. Doloraitic limestone was added to adjust the pH of the soil to 
6.2. Each pot was then placed in the greenhouse and seeded with 0.36g 
of 'Penncross* creeping bentgrass. After the seed germinated the turf 
was maintained as stated below for a period of ten months prior to 
experimentation. A 10-10-10 fertilizer was applied at a rate of 
5.5kgN/ha whenever the turf exhibited a nitrogen deficiency. The turf 
was watered three times/week for a total of 3»81cm(2778ml) of 
water/pot/week. Turf was also mowed three times/week at 1.27cin and 
clippings were removed with a Black and Decker Dust Buster vacuum 
cleaner. Greenhouse temperatures were 21C/18C(day/night). 
Three weeks prior to experimentation, the mowing height was reduced 
to 0.64cm. Fluorescent light banks were set-up to deliver 12 hours of 
light/ day to the turf at an intensity of 165uE/s/m2 and the pots were 
rotated under iihe lights every week to minimize localized lighting 
effects. 
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Experimental design. A total of 54 pots was used in a completely 
randomized design with four replications of each treatment. Each of 24 
pots received 9.76kgN/ha/7days from 6 sources of nitrogen while the 
other 24 pots received 19.52kgN/ha/14days. There were eight control 
pots which did not recieve nitrogen. Water-soluble N fertilizers(urea, 
ammonium nitrate, ammonium sulfate,and calcium nitrate) were each 
applied in 200ml of water as a drench. Water-insoluble N fertilizers(UF 
and IBDU) were applied in granular form by hand-sprinkling. 
Soil leachate sampling. Immediately after a fertilizer application, 
the first of three waterings was administered. Each pot was then placed 
in an individual tray and two hours later a 40ml subsaraple of soil 
leachate was collected. Three 40ml subsamples, one following each 
irrigation, were combined to give a weekly composite of soil leachate. 
Total soil leachate volume was recorded. The subsamples were stored at 
4 C until analysis. 
Turf clipping collection. Clippings were collected after each mowing 
I 
and combined on a weekly basis. They were dried at 70 C for 48 hours 
and dry weights were recorded. 
Results 
Neither the 9.76kgN/ha/7day or 19.52kgN/ha/14day fertilizer regimes 
significantly influenced soil N03- and NH4+ leachate 
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concentrationsC table 25). Arnmoniura nitrate and calcium nitrate 
treatments resulted in the highest N03- leachate concentrations, but 
never exceeded 1.5ppni. Ammonium leachate levels were negligable. 
Soil nitrate leachate concentrations for each of ten weekly 
composite samplings are shown in table 26. Urea, calcium nitrate, 
ammonium sulfate, and IBDU treated pots showed no differences in N03- 
levels for either N regime over the ten weeks studied. Significant 
differences were found, however, for the UF and control treatments. 
Table 27 shows mean NH4+ leachate concentrations for each sample 
collection. All treatments resulted in at least one sampling period 
with NH4+ concentrations being undeterminably low(less than O.OIppra 
NH4+). 
Calcium nitrate and ammonium nitrate treatments resulted in the 
highest total amount of N leached(table 28). The highest of N lost in 
soil leachate was 0.39^ from ammonium nitrate treated turf. Urea and 
ammonium sulfate at 9.76kgN/ha/7days, and UF at 9.76kgN/ha/7days and 
19.52kgN/ha/14days, resulted in N losses that were less than that of the 
control. 
No significant differences were found in the clipping dry weights 
with the two N fertilizer regiraesCtable 29). Ureaformaldehyde, IBDU, 
and the control treatments resulted in turf which produced the lowest 
turf clipping dry weights/week. 
Table 25. Mean soil N03- and NH4+ leachate 
concentrations(ppm) from 'Penncross* creeping 
bentgrass growing on a sand:peat soil mixture after 
the application of nitrogen fertilizers at two 
regimes* for 10 weeks. 
Nitrogen regime 1 regime 2 regime 1 regime 2 
fertilizer N03-(PPM) NH4+(PPM) 
urea .11a^’2 .29a .02a .02a 
calcium 
nitrate 1.01b 1.29b .01a .01a 
ammonium 
nitrate .70b 1.45b .01a .01a 
ammonium 
sulfate .20a .12a .01a .02a 
UF .17a . 16a .01a .01a 
IB DU .27a .26a .01a .01a 
control .21a .21a .01a .01a 
* regime 1= 9.76kgN/ha/7days/; regime 2= 19.52kgN/ha/14days 
1. numbers down a column followed by the same 
letter are not significantly different when 
analyzed by the Duncans* new multiple range 
testep=.05). 
2. each number represents the mean NO3- and NH4+ 
concentratiou of 4 reps. 
Table 26. Mean weekly soil NO3- leachate concentrationsCppm) from 
'Penncross’ creeping bentgrass growing on a sandipeat soil mixture after 
the application of nitrogen fertilzizers at two regimes. 
9.76kgN/ha/7days 
Week 
urea 
calcium 
nitrate 
ammonium 
nitrate 
ammonium 
sulfate UF IB DU control 
PPM NO3- 
1 .11a 1.86a^’ ̂  1.40a .11a .13a .13a . 16a 
2 .06a .06a .06b .05a . 06a . 06a .07a 
3 .10a 1.21a .80b . 16a .27a 1.29a . 14ab 
4 .13a .40a .35ab .59a . 17a . 14a .19bc 
5 .07a 1.08a 1.37a .08a .12a .10a .15ab 
6 .13a 1.63a 1.02ab .11a . 12a . 12a .24bcd 
7 .11a 1.51a .71b .15a .20a .22a .29cde 
8 . 10a 1.23a .91ab .20a . 19a . 15a .36e 
9 . 10a .92a .90b .12a .15a . 18a .22bcd 
10 .21a .25a .24b .47a .29a .34a .33de 
19.52kgN/ha/14days 
1 .11a .89a 1.12a .21a .11b .49a .16b 
2 .06a .07a . 06a .07a .06a .05a .07a 
3 .11a 4.96a 2.18ab .23a .13ab .28a .14ab 
4 1.70a 1.18a 1.36ab .19a .27c .55a . 19bc 
5 . 10a .12a .10a .07a .lOab .07a .15ab 
6 .23a 3.88a 4.06bc .08a .18abc . 17a .24bcd 
7 . 14a .20a .19a - .09a .20bc .10a .29cde 
8 .23a 2.58a 5.71c .08a .19abc .59a .36e 
9 . 13a .13a .12a .09a .15abc .09a .22bcd 
10 . 14a .17a . 13a . 10a .26c . 17a .33de 
1. numbers down a column within the a regime followed by the same letter 
are not significantly different when analyzed by the Duncans' new 
multiple range test(p=.05). 
2. each number,represents the mean NO3- concentration of 4 reps. 
- NO3- concentration undeterminably lowCless than O.OIppm). 
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Table 27. Mean weekly soil NH4+ leachate concentrationsCppm) from 
’Penncross’ creeping bentgrass growing on a sandipeat soil mixture after 
the application of nitrogen fertilzizers at two regimes. 
9.76kgN/ha/7days 
urea 
calcium 
nitrate 
ammonium 
nitrate 
ammonium 
sulfate UF IB DU control 
Week PPM NH4+ 
1 .083^ ’^.02a .06a .01a .02a 
2 .02a .02a .02a .02a .03a .02a .01a 
3 .02a - .02a — .02a 
4 .02a - - — .01a 
5 .01a — .01a .03a — — 
6 — — - — 
7 .01a .01a .01a .01a .04a 
8 .02a - - .01a — 
9 — - - — 
10 .02a .03a .02a .08a .02a .01a .02a 
19.52kgN/ha/14days 
1 .09a .01a .02a .03a .02a 
2 .02a .02a .01a .02a .02a .02a 
3 .04a - .01a .04a .01a 
4 .01a - — .01a .01a 
5 — - .02a .01a .01a 
6 .02a - .01a .02a 
7 .02a .08a .02a .01a .02a .06a 
8 .02a - .01a .04a - — 
9 - - - — 
10 .03a .02a .02a .02a .01a .02a 
1. numbers down a column within the a regime followed by the same letter 
are not significantly different when analyzed by the Duncans' new 
multiple range test(p=.05). 
2. each number represents the mean NH4+ concentration of 4 reps. 
- NH4+ concentration undeterminably low(less than O.OIppm). 
Table 28. Nitrogen fertilizers applied to 'Penncross' 
creeping bentgrass growing on a sand:peat soil, N regimes*, 
total mgN applied, total leachate volume(ml), total mgN lost, 
and total %N applied lost after 10 weeks. 
total total^ ^ 
Nitrogen leachate total mgN mgN applied 
fertilizer volurae(ral) applied/pot regime lost lost 
urea 12264 1076.5 1 .49 .05 
2 .99 .09 
calcium 12223 1069.6 1 2.89 .27 
nitrate- 2 3.66 .34 
ammonium 12236 1037.6 1 2.04 .20 
nitrate 2 4.12 .39 
ammonium 13480 1059.1 1 .71 .07 
nitrate 2 .57 .05 
UF 12745 1066.8 1 .59 .06 
2 .56 .05 
IBDU 13394 1069.6 1 .92 .09 
• 2 .89 .08 
control 13791 0 n .a. .76 n .a. 
* regime 1= 9.76kgN/ha/7days; regime 2= 19. 52kgN/ha/14days. 
1. total mgN lost= (ml leachate X ppm N03- 4 • 1000ml/1 
.23mgN/mgN03-) + (ml leachate x ppm NH4+ -s- IOOOml/1 
.78mgN/mgNH4+). 
2. total %N lost= (total mgN lost total mgN applied) 
100. 
n.a.= non-applicable 
Table 29. Mean weekly turf clipping dry weights(g) 
of ’Penncross’ creeping bentgrass growing on a 
sandipeat soil mixture after the application of 
nitrogen fertilizers at two N regimes. 
Nitrogen 9.76kgN/ha/7days 19.52kgN/ha/14days 
fertilizer DRY WEIGHT(G) 
urea .12abc .13a 
calcium 
nitrate .14ab .13ab 
ammonium 
nitrate . 16ab .14a 
ammonium 
sulfate . 18a .15a 
UF .07c .08c 
IB DU . lObc .10b 
control .09c .08c 
1. numbers down a column followed by the same 
letter are not significantly different when 
analyzed by tae Duncans’ new multiple range 
test(pr.05). 
2. each number represents the mean dry weight of 4 
reps. 
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Experiment II. 
Materials and methods. 
Turf maintenance. Experiment II was conducted with the same turf 
used in experiment I. Lighting, irrigation, and the mowing of the turf 
were identical to the previous experiment. 
Fertilizer regime. Fertilizer types applied/pot were the same used 
in experiment I. A single 48.78kgN/ha application of fertilizer was 
applied at the beginning of the two week experiment. 
Soil leachate sampling. Following each irrigation(as described in 
exp. I) soil leachate subsamples were stored and analyzed seperately. 
A total of six subsamples were collected and analyzed after the single 
fertilizer application. 
Turf clipping collection. Turf clippings collected from each 
treatment were combined to give total clipping yields expressed in dry 
weight(g). 
Total soil nitrogen. After the completion of experiment II a soil 
core(2.54cm wide x 25.40cm deep) was removed from the center of each 
pot. Each core was divided into three sections corresponding to the 
0-8.4cm(D1),8.4-16.8an(D2),and 16.8-25.4cm(D3) depths. Soil samples 
were stored and analyzed as described in chapter III. 
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Results 
Mean soil N03- leachate concentrations from calcium 
nitrateC19.07ppni) and ammonium nitrate(26.68ppm) treated turf were 
significantly higher than all other treatments(table 30). All other 
treatments resulted in N03- concentrations of less than Ippm, except for 
IBDU(2.05ppraN03-). 
Calcium nitrate and ammonium sulfate treated turf resulted in the 
highest N03- leachate levels following all irrigations(table 31). 
Maximum N03- concentrations were 40.46ppm for calcium nitrate and 
68.8Ippm for ammoaium nitrate. All other treatments, except IBDU, 
resulted in N03- leachate concentrations of less than Ippm following all 
irrigations. 
Ammonium leachate concentrations were highest from ammonium sulfate 
and ammonium nitrate treated pots(table 30). All other NH4+ leachate 
levels were negligable. Ammonium sulfate treated pots also resulted in 
the highest NH4+ leachate concentrations for the first three irrigations 
applied(table 31). 
The ammonium nitrate treatment resulted in the highest lost 
followed by the calcium nitrate treatment(table 32). All other 
treatments resulted in negligable N leaching losses(less than 0.5f»). 
The control treatment loss was not expressed in % N lost since no 
fertilizer N was applied. 
Table 30. Mean soil NO3- and NH4+ leachate 
concentrationsCppm) from a sandipeat soil mixture 
after a single 48.76kgN/ha application of various 
nitrogen fertilizers. 
Nitrogen 
fertilizer PPM NO3- PPM NH4+ 
urea .27a .09ab 
calcium 
nitrate 19.08b .02bc 
ammonium 
nitrate 26.68b .10a 
ammonium 
sulfate .35a .20d 
UF .54a .02bc 
IB DU 2.05a .03bc 
control .45a .01c 
1. numbers down a column followed by the same 
letter are not significantly different when 
analyzed by the Duncans* new multiple range 
test(p=.05). 
2. each number represents the mean NO3- and NH4+ 
concentration of 4 reps. 
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Table 31« Mean soil N03- and NH4+ leachate concentrations( ppm), 
leachate collection days, and nitrogen fertilizers applied in a single 
48.76kgN/ha application to *Penncross’ creeping bentgrass growing on a 
sand:peat soil mixture. 
Leachate calcium ammonium ammonium 
collection urea nitrate nitrate sulfate UF IBDU control 
day PPM N03- 
0 .27ab 40.46a 68.81a .30a .99b 6.00a .83c 
2 . 14c 37.10a 46.75ab .57a .69a 3.26a .53abc 
4 .56b 25.6lab 30.94bc .39a .50a 2.25a . 61bc 
7 .23ab 7.87b 9.76cd .29a .33a .37a .34ab 
9 .17a 2.84bc 2.34d .28a .50a .20a .25ab 
11 .29ab .58c 1.47d .31a .25a .24a .15a 
PPM NH4+ 
0 .02a .Olab . lOab .46ab - - - 
2 . 18b • o
 
00
 
cr
 
.27b .49b .05a .22a - 
4 . 14ab .Olab . llab .21ab .01a .03a - 
7 . 12ab .03ab .08ab .llab .03a .10a .05a 
9 .03a - .03a .05a .01a - - 
11 .04a .Olab .03a .07a .01a .01a .01a 
1. numbers down a colunn within the same rate followed by the same 
letter are not significantly different when analyzed by the Duncans* new 
multiple range test(p=.05). 
2. each number represents the mean N03- and NH4+ concentrations of 4 
reps. 
- NH4+ concentration undeterminably lowCless than .Oippm). 
Table 32. Nitrogen fertilizers applied to ’ 
creeping bentgrass growing on a sand:peat soil, 
applied, total leachate voluiie(ml), total mgN 
total %N applied lost in 11 days following 
48.78kgN/ha application. 
Penncross* 
total mgN 
lost, and 
a single 
Nitrogen 
fertilizer 
total 
leachate 
voliBie(ml) 
total mgN 
applied/pot 
total ^ 
mgN 
lost 
%n ^ 
applied 
lost 
urea 2346 358.8 .31 .09 
calcium 
nitrate 2410 356.5 10.42 2.92 
ammonium 
nitrate 2495 345.8 15.21 4.40 
ammonium 
nitrate 2798 353.0 .67 .19 
UF 2685 355.8 .37 .11 
IB DU 2568 356.5 1.25 .35 
control 2910 0 .33 n .a. 
1. total mgN lostr (ml leachate x ppm H03- -r 1000nl/l x 
.23mgN/mgN03-) + (ml leachate x ppm NH4+ 1000ml/l x 
.78mgN/mgMH4+). 
2. total 5tN lo3t= (total mgN lost total mgN applied) x 
100. 
n.a.=non-applicable 
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Significant differences in %total soil nitrogen(%TSN) did occur 
between N fertilizer sources, but not as a result of the nitrogen regime 
followed(table 33). Ammonium nitrate and ammonium sulfate treatments 
applied at 9.76kgN/ha/7days led to a significantly higher $TSN at the 
0-8.5cra depth. At the higher fertilizer regime calcium nitrate was also 
significantly nigher. The urea fertilizer treatment resulted in a 
higher %TSN at the 8.5-17cm depth than any other treatment. 
Ureaformaldehyde, IBDU, and the control treated pots showed similar 
levels of XTSN for the 3 depths tested. 
Urea, calciun nitrate, ammonium nitrate, and the ammonium sulfate 
treated turf resulted in higher turf clipping yields than UF, IBDU, and 
the control pots(table 34). 
Experiment III. 
Materials and methods. 
Plexiglass suction lysimeter assemblies. Twelve suction lysimeters 
were constructed of 20.00cra. deep x 10.80cm. wide cylindrical 
plexiglass tubes which had a 2 bar ceramic, porous plate recessed 4.27cra 
into the bottom of each tube(figure 4). Circular plexiglass plates were 
mounted to the bottom of each of the tube-ceramic plate assemblies with 
brass screws and rubber sealant leaving a 1.27cm head space between the 
plates. At the bottom of this assembly was a hose connector to which 
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Table 33* Mean %total soil nitrogen taken at 3 soil depths from below 
’Penncross’ creeping bentgrass growing on a sand :peat soil mixture, 
nitrogen fertilizers applied and N regimes . 
9»76kgN/ha/season 
Soil urea 
calcium 
nitrate 
ammonium 
nitrate 
ammonium 
sulfate UF IB DU control 
depth(cm) % TSN 
0-8.5 . lOab .12b»^’ ̂ ’?18c» .20c» .10a .10a .07d 
8.5-17 .19a» .10b .10b .10b .09b .09b .06b 
17-25 . 10a .09a .10a .07ab .10a .10a .08b 
19.52kgN/ha/season 
0-8.5 . 1 lab .13bc» .18c» .18c* .10a .10a .07(1 
8.5-17 . 19a» .10b .11b .10b .10b .09b .06b 
17-25 .10a .11a .10a .11a .10a .09ab .08b 
regimeC p=. 
1. These 
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regimes were applied for 10 weeks and then were followed by a 
single 48.76kgN/ha fertilizer application. 
2. each number represents the mean %TSN of 4 reps. 
3. numbers across a column followed by the same letter are not 
significantly different when anaylyzed by the Duncans’ new multiple 
range test(p=.05). 
♦ numbers down a column within rates followed by an asterick are 
significantly different at the p=.05 level. 
Table 34» Mean total turf clipping dry 
weights»(g) of 'Penncross’ creeping bentgrass 
growing on a sand :peat soil mixture after a single 
48.76kgN/ha application of nitrogen fertilizers. 
Witrogen 
fertilizer DRY WEIGHT(G) 
urea .34a 
calcium 
nitrate .32a 
ammonium 
nitrate .31a 
ammonium 
sulfate .28ab 
UF .2 lab 
IB DU .21b 
control .12c 
* total dry clipping weight for an 11 day period. 
1. numbers down a column followed by the same 
letter are not significantly different when 
analyzed by the Duncans’ new multiple range 
test(p=.05). 
2. each number represents the mean total dry weight 
of 8 reps. 
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was attached a 45cTn length of 3*8cra(dia.) Tygon tubing. The other end 
of the hose was connected to a one-holed rubber stopper in a 250ml; 
side-arm Erlenmeyer flask. Another piece of Tygon tubing plus a pinch 
clamp was attached to the side-arm of the flask so that a hand-held 
vacuum pump could be used to withdraw air from the system at a vacuum of 
60 centibars. Soil leachate was dravm through the ceramic plate into 
the headspace below it and then moved through the tube into the 
Erlenmeyer flask. 
Soil and turf description. Two thousand grams of a silt loam 
soil(pH=5.9f CEC=15.4,%OM=4.0) was placed into each of the plexiglass 
lysiraeters and was allowed to settle for 1 week with frequent waterings. 
0.49g of a 0-25-25 fertilizer was incorporated in the top 2.54cm. of 
each lysimeter and then seeded with 0.09g of ’Baron’ Kentucky bluegrass. 
seed. After germination, the turf was permitted to grow for 10 weeks 
prior to experimentation. During establishment 0.04g of urea was 
applied/pot at weeks 2 and 6. Height of cut was maintained at 2.54cm. 
until two weeks prior to experimental initiation afterwhich it was 
reduced to 1.27cm. Mowing was done three times/week and clippings were 
not removed. 
Experimental design. The twelve lysimeters were arranged into a 
completely randomized block design which consisted of three replications 
of each treatment plus three unfertilized controls. 
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Fertilizer and irrigation regime. A single 48.76kgN/ha was applied 
to each plexiglass lysimeter as either I.Og methylene urea, 0.08g urea, 
or I.Og UF. Each lysimeter received the first of three 1.27cm 
waterings/week immediately after the fertilizer was applied. This was 
equal to 346.6ml of water/week. 
Soil leachate collection. After irrigation, vacuum was applied to 
each of the plexiglass assemblies. Subsamples of leachate were 
collected from each fertilizer treatment and stored a 4C until analysis. 
Total leachate volumes from each treatment were recorded. 
Results 
Nitrate concentrations in leachate collected from N treatments varied in 
concentrations from 7.1ppm for methylene urea to 5.2ppm for urea. No 
differences were found to occur for nitrate concentrations over time nor 
were any treatments significantly different from the control 
treatmentsCtable 35). Ammonium concentrations were negligable. 
Methylene urea treatments resulted in the highest mg of N lost in 
soil leachateCtable 36). The lowest loss occurred frcxn turf which 
received urea fertilizer treatments and was less than that of the 
control treatments 
Table 35. Mean weekly soil NO3- and NH4+ leachate 
concentrations(ppra) and nitrogen fertilizers 
applied in a single 48.76kgN/ha application to 
’Baron’ Kentucky bluegrass on a silt loam soil. 
Nitrogen 
fertilizer 
week 1 
N03-(PPM) NH4+(PPM) 
week 2 
N03-(PPM) NH4+(PPM) 
urea 5.21a .15a 5.63a . 16a 
methylene 
urea 6.14a .13a 7.10a .11a 
UF 6.17a . 16a 6.01a .01a 
control 5.85a .11a 6.03a . 16a 
week X NO3- (p=.87); week x NH4+ (p=.63) 
1. numbers down a column followed by the same 
letter are not significantly different when 
analyzed by the Duncans’ new multiple range 
test(p=.05). 
2. each number represents the mean NO3- and NH4+ 
concentration of 3 reps. 
Table 36. Total leachate volurae(ral), total ragN 
lost in leachate, and nitrogen fertilizers applied 
in a single 48.76kgN/ha application to ’Baron’ 
Kentucky bluegrass growing on a silt loam soil. 
Nitrogen 
fertilizer 
total leachate 
volume(ml) 
total^ 
mgN lost 
urea 339 • 
ro
 
methylene 
urea 366 .59 
UF 336 .51 
control 339 .50 
1. total mgN lost= (ml leachate x ppm NO3- ^ 
IOOOral/1 X .23mgN/ragN03-) + (ml leachate x ppm 
NH4+ i 1000ml/l x .78mgN/mgNH4+) 
2. each number represents the mean of 4 reps. 
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Discussion. 
Experiment 1. Applications of nitrogen fertilizers at high rates have 
been shown to contribute to nitrogen leaching losses(35). All nitrogen 
fertilizers applied at either the 9.76kgN/ha/7day or 19.52kgN/ha/14day 
regimes did not result in large nitrogen leaching lossesCtable 28). 
Losses from all N sources were less than 0.5%. It appears that N 
fertilizer rates would have to be greater than 19.52kgN/ha/14days for 
significant leaching losses to occur. Calcium nitrate, ammonium 
nitrate, ammonium sulfate, and urea, are highly water-soluble N 
fertilizers. Nitrogen leaching from these sources probably did not 
occur as a result of the low amounts applied at any one time. 
Ureaformaldehyde and IBDU are not highly water-soluble and, therefore, 
less prone to N leaching losses even at higher application rates. 
Turf growth was affected by fertilizer type, but not the regime 
usedCtable 29). Fast-release N fertilizers greatly surpassed the 
slow-release N types in turf clipping yeilds. Higher rates of UF or 
IBDU fertilizers would have to be applied in order to obtain turf growth 
comparable to the fast-release N sources. Ureaformaldehyde and IBDU 
release nitrogen slowly into the soil, either through soil microbial 
action(UF) or a slow water hydrolysis(IBDU). Both fertilizers, however, 
are designed to release a small % of their N immediately. Therefore, 
higher rates applied could result in a quick turf response. More 
frequent irrigations in the field might also increase turf response to 
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IBDU because it's N release is dependent upon water hydrolysis. 
Increased clipping yeilds, however, do not necessarily represent healthy 
turf. 
Experiment II. Fast-release N sources, when applied in excess, have been 
shown to contribute more to N leaching losses than slow-release 
types(13,18). Greenhouse study results agreed with these findings. 
When calcium nitrate and ammonium nitrate fertilizers were applied in a 
single 48.76kgN/ha application, % N lost by leaching rose to 4.4%(table 
32). Nitrate levels increased to >40ppm(table 31). 
Ammonium nitrogen was negligable in soil leachate collected(table 
31). Soil NH4+ leachate concentrations however, were higher from 
ammonium sulfate treated turf suggesting that NH4+ may leach if applied 
in excess. Ammonium from N sources that did not leach or was not 
absorbed by turf roots may have become fixed by the soil organic matter 
fraction. The higher ^5TSN found in the 0-8.5cm soil depth helps to 
support the possibility that NH4+ fixation did occur(table 33). NH4+ 
nitrogen does not appear to be a primary leachable form of nitrogen. 
Urea-nitrogen is readily hydrolyzed into NH4+ and nitrified in the 
soil(4). Benson and Barnette(13) and Nelson ^ al.(46) found urea to 
leach from a sandy soil in the unhydrolyzed form. Tomar and Sopar(58) 
showed that urea fertilizer applications increased the %TSN in the top 
40cm of a loamy sand soil. If urea movement is slow because of a soils' 
high water holding capacity, either as a result of finer soil texture or 
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high organic matter content, then the residence time of the urea in the 
soil could be long enough for hydrolysis to NH4+ to occur. On 
coarser-textured soils, water application might also be critical to the 
movement of urea, with urea movement increasing as water drainage 
increased. A significantly higher %TSN was found at the 8.5-17cm soil 
depth for urea treated pots in the sandipeat mixture(table 33). 
Following irrigation, urea may have leached to this depth, and then 
become hydrolyzed and fixed as NH4+ on soil organic matter. 
Experiment III. Fertilizers(methylene urea, UF, and urea) contributed 
very little to N leaching losses when compared to the controKtable 36). 
Both methylene urea and UF are considered slow-release N fertilizers 
and, therefore, their N should have been less prone to leaching losses. 
Urea is water-soluble, but because it could be rapidly hydrolyzed to 
NH4+ and fixed by the soil there was less potential to leach. The 
nitrogen leaching losses observed for both the N treated and control 
lysimeters may simply have been the result of the mineralization and 
nitrification of soil organic matter. It has been shown that high soil 
and ambient temperatures may increase these two processes(4,48). The 
V 
silt loam soil had an organic matter content of 4.0^ and ambient 
temperatures were greater than 26 C. 
Comparison between greenhouse studies and field studies. Greenhouse and 
field results for N03- and NH4+ leachate concentrations, turf clipping 
yeilds, and %TSN were very similar. Both studies showed that 
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fast-release nitrogen fertilizers did not result in significant N 
leaching losses when applied at 9.76kgN/ha/7days or 19.52kgN/ha/14days. 
Field and greenhouse experiments did differ, however, in the amount 
of N03- leached following the 48.76kgN/ha fertilizer applications made 
to turf on the sand:peat soil mixture. Calcium nitrate and ammonium 
nitrate fertilizer applications resulted in higher NO3- concentrations 
in leachate collected from the greenhouse turf than in the field. There 
are a number of possible reasons for this. Turf in the greenhouse pots 
had a shallower and more confined root system than turf in the field. 
The putting green also had a perched-water table design which held the 
soil solution in the vicinity of the roots for a longer period of time. 
These two factors may have enabled turf in the field to have a greater 
chance for NO3- absorption and, therefore, less N03- in leachate. In 
addition, once leachate had left the greenhouse pot it could never come 
back into contact with the soil and turf root system. 
Lower soil NO3- leachate concentrations in the field after the 
48.76kgN/ha application may also have been the result of the composite 
sampling practices that were used. Leachate samples from turf in the 
greenhouse were collected and analyzed seperately. The average NO3- 
concentration of three field samples combined may have been less than 
any one single sample from the greenhouse. 
In both field and greenhouse studies, it was found that ammonium 
nitrogen sources increased the 56TSN in the upper soil profile. It may 
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indicate that some of the ammonium-nitrogen may be retained in a soil 
even if it is a sandipeat mixture. 
N03- levels in leachate from the silt loam soil were similar in 
greenhouse and field studies. Both studies indicated that the silt loam 
soil produced a relatively high level of NO3- in the soil solution, and 
that N fertilizers did not significantly influence these concentrations. 
CHAPTER VII 
SUMMARY AND CONCLUSION 
Leaching losses of N03- and NH4+ nitrogen from soluble and 
insoluble nitrogen fertilizers, applied at different rates to 
turfgrasses growing on three different soil types, were determined. 
Nitrate and NH4+ leachate levels were not significantly influenced by 
the application of either fast-release(urea,calcium nitrate ,ammonium 
nitrate, ammonium sulfate) or slow-release(UF and IBDU) N sources to a 
*Penncross’ creeping bentgrass golf putting green constructed of an 
80%:20% sand-peat soil mixture. Turf was mowed at 0.63cm and irrigated 
with 3-8cm water/week. Nitrogen regimes included 9.76kgN/ha/7days and 
19«52kgN/ha/14days. Both greenhouse and field studies seemed to 
indicate that leaching losses from these fertilizers were minimum. In 
the greenhouse, a single application of either calcium nitrate or 
ammonium nitrate at 48.76kgN/ha did result in an elevation of soil N03- 
leachate concentrations to greater than 40ppm. Nitrogen losses were 
equivalent to 2.9 and 4.4%, respectively. NH4+ leaching losses from 
these N sources were always negligable. 
Turf quality and growth on the sand :peat soil mixture were 
influenced by N fertilizer type. Fast-release N sources produced 
acceptable turf within 4 weeks after fertilizer application initiation. 
8l 
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Slow-release N sources did not result in favorable quality and growth at 
the 2 rates of N applied when compared to the fast-release N sources. 
Turf root depth was not influenced by N fertilizer type or rate. 
Soil N03- and NH4+ leachate concentrations were not influenced by N 
source or rate when applied to a bluegrass-fescue-bentgrass sod 
maintained under fairway conditions on either a silt or sandy loam soil. 
Turf was mowed at 1.27cm and no irrigation was applied. Nitrogen 
fertilizers were methylene urea, sulfur-coated urea, urea, and UF, and 
applied at 97.56kgN/ha/season and 195.12kgN/ha/season. N03- levels in 
leachate were higher from the silt loam soil than the sandy loam soil 
during 1982. Differences in N03- levels appear to be the result of soil 
type. 
Turf quality and growth on the silt loam soil were significantly 
greater for both the N treated and control plots than for the turf on 
the sandy loam soil. Turf on the sandy loam soil, however, did respond 
favorably to all N treatments, especially at the 195.12kgN/ha rate. 
Root depth was not influenced by N source or rate, but was significantly 
greater in the sandy loam soil. 
Nitrogen leaching losses from fertilizers applied to turf may be 
minimized when applied at the rates used in these studies. These rates 
are comparable to those used on New England golf courses. In practical 
application it seems reasonable to assume that the economic losses of N 
by leaching can be small. From an environmental standpoint, these 
83 
fertilizers and rates posed little threat to human health by groundwater 
pollution. 
84 
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APPENDIX 
Table 37. Particle size analysis of sand used in a 
the sand!peat*golf putting green. 
Seive size(mm) % 
2.00 4 
2.00 - 1.00 10.8 
1.00 - 0.50 26.2 
0.50 - 0.25 37.0 
0.25 - 0.10 17.6 
0.10 - 0.05 1.0 
♦mixed with peat to make 
mixture(v/v). 
an 80%-20% sand:peat 
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Figure 2. Rainfall during the 1982 field studies in South Deerfield, 
MA. 
Figure 3. Diagram of installed soil water sampling tube used 
in field studies. 
9h 
Figure 4. Diagram of plexiglass suction lysimeter used in 
greenhouse experiment III. 
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